Introduction
The current classification of lymphoid neoplasms is based on the integrated utilization of morphological, immunohistochemical, genetic and clinical criteria to define disease entities, which putatively have their origin in a "normal counterpart" in the immune system. 1 The application of modern immunophenotypic and molecular genetic techniques in routine diagnosis has made it possible for most lymphomas to be successfully diagnosed and classified as one of the currently recognized distinct disease entities. Nevertheless, there are cases that do not follow this principle and show overlapping or borderline morphological, biological and clinical features between various types of lymphomas. The updated 2008 World Health Organization (WHO) classification of tumors of hematopoietic and lymphoid tissues recognized this problem and introduced two new provisional categories of B-cell lymphoma, unclassifiable, one with features intermediate between diffuse large B-cell lymphoma (DLBCL) and Burkitt's lymphoma and the second, which is the topic of this review, with features intermediate between DLBCL and classical Hodgkin's lymphoma (CHL). 2 This second provisional category recognizes cases that usually occur in the mediastinum and have features of both nodular sclerosis CHL (NSCHL) and primary mediastinal large B-cell lymphoma (PMBL). In this review PMBL will be briefly considered in order to provide the framework for understanding the concept of mediastinal gray zone lymphoma.
Primary mediastinal B-cell lymphoma
Primary mediastinal B-cell lymphoma arises in the mediastinum and presumably originates from a thymic B cell. 1, 3 This lymphoma often presents in young women with a rapidly enlarging mediastinal mass with symptoms related to compression of intrathoracic structures. Histologically, this lymphoma is composed of an infiltrate of large cells with round or lobulated nuclei and abundant clear cytoplasm. Occasional pleomorphic, multilobated ReedSternberg-like cells can be seen raising the differential diagnosis of CHL. There is a characteristic compartmentalizing sclerosis in the background (Figure 1 ). Although most cases are diffuse, some show a focal nodularity mimicking NSCHL. The immunophenotype is that of a mature B cell expressing CD20, CD79a and PAX5 but the neoplastic cells lack surface immunoglobulin expression. In contrast to the situation in CHL, the B-cell-associated transcription factors OCT-2 and BOB.1 are strongly expressed. 4 CD30 is often expressed, but weakly and heterogeneously compared to its expression in CHL. CD15 is always negative. The tumor cells usually express CD23 and MAL protein in 70% of the cases, both of which have been taken as evidence in favor of the thymic B-cell derivation. [5] [6] TRAF-1 and c-REL are expressed in PMBL, unlike other DLBCL, and reflect activation of the nuclear factor kappa B pathway. 7 PMBL has characteristic genomic imbalances that include gains at chromosome 9p13.1-9p13.3 (70%), 9p23-9p24 (60%) and 2p15-p16.1 (50%). 8 Candidate genes in these areas include REL and BCL11A, which are amplified in a proportion of cases. Further proof that PMBL is indeed a specific type of aggressive large B-cell lymphoma distinct from nodal DLBCL was provided by gene expression profiling studies by two independent groups. 9-10 PMBL has a distinct gene signature with several highly expressed genes including MAL, CD23, FIG1, TARC, NFkB2 and PDL1/L2. Furthermore, the PMBL molecular signature was associated with a more favorable survival compared to those DLBCL cases with a non-germinal and germinal-center profile, supporting a distinct natural history for PMBL. Although all these findings helped to define PMBL as a distinct entity, perhaps the most surprising finding in these two studies was the fact that the molecular signature of PMBL was more closely related to CHL than to the other DLBCL subtypes.
The relationship between primary mediatinal large B-cell lymphoma and nodular sclerosis classical Hodgkin's lymphoma
The clinical, histopathological and molecular similarities between PMBL and NSCHL have long been recognized. Both entities predominantly affect young women who present with a mediastinal mass with involvement of the thymus and/or supraclavicular lymph nodes. The cell of origin in both disorders is a mature B cell with lack of immunoglobulin expression, presumably the thymic B cell. Further similarities between these two disorders are the amplification of the REL locus on chromosome 2p and the JAK2 locus on 9p found in both entities. 8, 11 Interestingly, gene-expression studies have shown striking molecular similarities between PMBL and NSCHL arising in the mediastinum, especially low expression of B-cell receptor components and the downstream signaling cascade and high expression of tumor necrosis factor family members, and extracellular matrix elements. 9, 10 These studies provided further evidence that PMBL and NSCHL arising in the mediastinum may represent related tumors with a common pathogenic pathway, at least in some stages of tumorigenesis. It is not, therefore, completely unexpected that some cases may show overlapping morphological and/or immunophenotypic features. Despite all these similarities, there are clear differences in the morphology and immunophenotype of the two disorders which make it possible to distinguish them in the vast majority of cases ( Figure 1) . Problems in the classification arise in tumors that show the morphologic features of PMBL but the expected immunophenotype is not found, e.g. absence of CD20 expression, strong expression of CD30 and CD15 or presence of Epstein-Barr virus. Equally problematic are those cases with typical morphology of NSCHL but with strong, homogeneous expression of CD20 and/or expression of the B-cell-associated transcription factors OCT2 and BOB.1 and absence of CD15 (Figure 1 ). Establishing the correct diagnosis has obvious clinical consequences, since historically CHL and NHL are treated differently. Nevertheless, cases with overlapping morphological and/or phenotypic features between NSCHL and PMBL are difficult to classify and represent a real challenge for pathologists who feel urged by their clinical colleagues to make a diagnosis. To reflect the morphological and biological difficulties in understanding these cases the term mediastinal gray-zone lymphoma (MGZL) was coined.
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Mediastinal gray-zone lymphoma
The 2008 WHO lymphoma classification introduced the provisional category of B-cell lymphoma, unclassifiable with features intermediate between DLBCL and CHL to encompass cases that do not fulfill the morphological and/or phenotypic criteria for PMBL or CHL in the mediastinum but exhibit transitional features between these two entities (MGZL). 2 Another phenomenon related to MGZL is the occurrence of PMBL and CHL as composite or sequential lymphomas. Notably MGZL, in contrast to PMBL and CHL, is more common in young men and has a more aggressive clinical course and poorer outcome than either CHL or PMBL, 13, 14 which emphasizes the importance of keeping them separate with the hope that further studies will reveal whether these cases represent biologically true borderline cases or whether they can be assigned to a specific entity. In this issue of Haematologica, Eberle et al., ed to PMBL and CHL but with enough important differences to justify keeping it separate. The authors analyzed ten cases of NSCHL, ten cases of PMBL, ten cases of nodal DLBCL and eight cases of MGZL, one composite lymphoma and one case with sequential diagnoses of CHL and PMBL. The MGZL included four cases morphologically resembling NSCHL but with a PMBL phenotype (CD20 + , CD15 -) and four cases morphologically resembling PMBL but with a CHL phenotype (loss of B-cell markers and expression of CD30 and CD15). Regardless of the dominant morphology and/or phenotype, all analyzed cases clustered together in the methylation profile, indicating that biologically these cases were closely related. Interestingly, the authors developed a prediction model that could accurately distinguish between MGZL, NSCHL and PMBL. Of note, both components of one composite lymphoma whose two components were separately analyzed were predicted to be MGZL, suggesting that composite lymphomas do indeed most probably represent the two morphological ends of the spectrum of MGZL. This raises the important question of why some MGZL develop a phenotype closer to PMBL and others to CHL if they all originate from the thymic B cell. In recent years there has been a greater appreciation of lineage plasticity or reprogramming capabilities within the hematopoietic system, which opens the possibility that the phenotype of the transformed thymic B-cell might be primarily influenced by epigenetic changes leading the tumor to differentiate in one direction or the other. This might explain the discordant phenotypes of MGZL or why cases that originally present as CHL, recur as PMBL or vice versa. Accordingly, Eberle et al. found that NSCHL is characterized by de novo hypermethylation typically located within CpG islands, confirming previous findings indicating that the development of the ReedSternberg cell may be induced by gene silencing due to DNA methylation. [16] [17] In contrast, PMBL was characterized by both de novo hypomethylation and hypermethylation. MGZL showed a methylation profile related to but different from that of both PMBL and NSCHL and fell somewhere in the middle. A unique feature found in MGZL was the hypomethylation of HOXA5, but the importance of this finding for the pathogenesis of MGZL is still to be determined. One additional important finding was that the methylation profile of nodal DLBCL was completely different from that of both PMBL and CHL, supporting the conclusions of published gene expression studies. The study by Eberle et al. 15 clearly demonstrates that MGZL is not just a result of diagnostic uncertainty but represents a true "gray zone", indicating that there is a biological continuum between NSCHL and PMBL.
Diagnostic and clinical perspectives
As new studies dedicated to understanding the biology underlying MGZL become available, two issues remain that need to be resolved urgently. First, what are the minimal morphological and/or phenotypic criteria required to put a case into the unclassifiable category? Although most experts agree that the deviation of a single marker or criterion, e.g., CD20 expression in otherwise typical CHL, is not sufficient to put a case in the unclassifiable category, the expression of CD15 in an otherwise typical PMBL would be.
14 One of the major unresolved problems is the meaning and interpretation of CD20 expression in CHL. As antigen retrieval methods for immunohistochemistry have improved, CD20 positivity in Reed-Sternberg cells is no longer a rare finding although its expression is usually weak and heterogeneous. From the practical point of view, strong and uniform expression of CD20 in CHL should be regarded as abnormal and prompt the pathologist to determine the complete phenotype (looking at other B-cell markers and the B-cell transcription factors BOB.1 and OCT2) to exclude the possibility of a hybrid phenotype not in line with current diagnostic and biological concepts. This exercise is not academic but rather clinically relevant since it will influence the treatment and prognosis of these patients. Although the prognostic importance of CD20 expression in CHL is still controversial, two independent studies have shown that patients with CD20 + CHL do poorly in clinical trials compared to cases with the classical phenotype (CD20 -CD30   +   CD15   +   ) . 18, 19 It should also be noted that, in the light of current knowledge, some of these patients would very probably now be given different diagnoses, including MGZL. The results cannot, therefore, be extrapolated to those obtained with modern standards and used to draw conclusions about the poor prognosis or optimal treatment for MGZL.
This brings us to the second question: what is the best treatment for MGZL? Are these tumors more aggressive because of their biology or have they appeared more aggressive because they have been treated suboptimally? Ideally, a clinical trial for MGZL should answer these questions; however, due to the rareness of the disorder and the lack of uniform diagnostic criteria it is improbable that such a trial can be performed, at least in the near future. Nevertheless, the tendency, more anecdotal than evidencebased, is to treat these patients with therapy for aggressive B-cell non Hodgkin's lymphoma. More studies like the one from Eberle et al. 15 are needed to understand the epigenetic and genetic events underlying the pathogenesis of MGZL in order to facilitate the future development of novel and more successful therapeutic options for this disease. 
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